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(54). Laser sculpting system 

(57) A method and system are provided for eroding 
or ablating a shaped volume of an eye's corneal tissue 
(10) in accordance with the treatment of a specified eye 
condition. To determine the laser . beam shot pattern, a 
plurality of laser beam shots of uniform intensity are first 
selected to form a uniform shot pattern of uniform shot 
density. The laser beam shots applied in accordance 
with the uniform shot pattern of uniform shot density 
would be capable of eroding a volume of the corneal 
tissue (10) of uniform height; The. volume of uniform 



height is approximately equivalent to that of the shaped 
volume The laser beam shots are applied to the corneal 
tiss u e in a spatial ly distributed patte m spread ove r an . 
area approximately equivalent to the surface area of the ' 
shaped volume to be eroded The spatially distributed "'' • 
' pattern extends the uniform shot pattern in fixed angles T 
from a reference position on the. shaped vplume repre- 
sentative of the shaped volume's axis e^ymmetryiSg^ 




FIG. 3 
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Description 

Field of the Invention 

s [0001] The invention relates generally to ophthalmic laser surgery, and more particularly to a method and system 
for arranging a pattern of laser shots to erode a shaped volume of corneal tissue in accordance with the treatment of 
a specified eye condition. 

Background of the Invention 

10 

[0002] Photorefractive keratectomy (PRK) is a procedure for laser correction of focusing deficiencies of the eye by 
modification of corneal curvature. PRK is distinct from the use of laser-based devices for more traditional ophthalmic 
surgical purposes, such as tissue cutting or.thermal coagulation... PRK is generally accomplished by use .of a 193 
nanometer wavelength excimer laser beam that ablates away corneal tissue in a photo decomposition process. Most 

is clinical work to this point has been done with a laser operating at a fluence level of 120-195 mJ/cm 2 and a pulse- 
repetition rate of approximately 5-10 Hz. The procedure has been referred to as "corneal sculpting." 
[0003] Before sculpting of the cornea takes place, the epithelium or outer layer of the cornea is mechanically removed 
to expose Bowman's membrane on the anterior surface of the stroma. At this point, laser ablation at Bowman's layer 
can begin. An excimer laser beam is preferred for this procedure. The beam may be variably masked during the ablation 

20 to remove corneal tissue to varying depths as necessary for recontouring the anterior stroma. Afterward, the epithelium 
rapidly regrows and resurfaces the contoured area, resulting in an optically correct (or much more nearly so) cornea. 
[0004] For ablation to occur, the energy density of the laser beam must be above some threshold value, which is 
currently accepted as being approximately 60 mJ/cm 2 . Such energy densities can be produced by a wide variety of 
commercially available lasers. For example, a laser.could be used that is capable of generating a laser beam of diameter 

25 large enough to cover the surface to be ablated, i.e., on the order of 4.5-7.0 millimeters in diameter. However, such 
laser beams are typically not regular in intensity thereby causing a rough surface ablation. Further, lasers capable of 
producing such laser beams are typically, large, expensive and prone to failure. 

[0005] Alternatively, a laser could be used that produces a much smaller diameter laser beam, i.e., on' the order of 
0.5-1 .0 millimeters in diameter. There are several advantages afforded by the smaller diameter laser beam. They can 
30 be generated to meet the above noted threshold requirement with a lower energy pulse than that of the larger diameter^ 
beam. Further, such smaller diameter laser beams can be produced with a regular intensity while minimizing the var- 1 
iance in puise-to-puise energy levels. Finally lasers producing the smaller diameter laser beam are physicaliy Smaller, 
less expensive and, frequently, more reliable. However, this requires that the position of the small pulses'be precisely* 
controlled so that the resulting ablated surface is smoother than that which is produced by the larger laser beam. r 

' Summary of the Invention / • ' ' J ' "■■ ' ■ " - ' v'* 

[0006] Accordingly, it is'an : object of the present Invention tb provide a method and system of laser sculpting suitable 
for the recontouring of comeal tissue '• • ' ' .. 

<o [0007] Another object of the present invention is to provide a method and system for arranging a pattern of small 
diameter, regular intensity laser pulses or shots to erode or ablate a shaped volume of corneal tissue in accordance 
with the treatment of a specific eye condition. .«.':.. ■ 

. [0008] Still another object of the present invention is to provide a method and system of laser sculpting that is designed 
to use small inexpensive lasers. 
45 [0009] Other objects and advantages of the present invention will become more obvious hereinafter In the specifi- . 
cation and drawings. . ■ ; /•> 

. [0010] In accordance with the present invention, a method and system are provided for eroding or ablating a shaped 
volume of an eye's corneal tissue in accordance with the treatment of a specified eye condition. A plurality of laser 
beam shots of uniform intensity are selected to form a uniform shot pattern of uniform shot density. If the laser beam 
50 shots were applied in accordance with the uniform shot pattern of uniform shot density, they would be capable of 
. eroding a vqlume of the corneal tissue of uniform height. The volume of uniform height is approximately equivalent to - 
that of the shaped volume. The laser beam shots are actually applied to the corneal tissue in a spatially distributed 
' pattern spread over an area approximately equivalent to the surface area of the shaped volume to be eroded. The 
spatially distributed pattern is obtained by distorting the uniform shot pattern in a fixed manner from a reference position 
55- on the shaped volume representative of the shaped volume's axis of symmetr^'ho^ensity^^ 

cTTalrge^ The particular spatial distribution and change 

' in shot density is adjusted to treat the eye conditions of myopia, hyperopia and astigmatism. 
[0011] This patent application is copending with related patent applications entitled "Laser Beam Delivery and Eye 
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Tracking System" filed on the same date and owned by a common assignee as subject patent application. The disclo- 
sures of these two applications are incorporated herein by reference. 

Brief Description of the Drawings 

[0012] 

FIG. 1 A is a diagrammatic view of an eye showing a meniscus shape of corneal tissue associated with the condition 
of myopia that is to be ablated volumetrically in accordance with the present invention; 
FIG. 1B is an enlarged isolated view of the meniscus of FIG. 1A; 

FIG. 2 is an isolated view of the meniscus of FIG. 1 A shown in comparison to a cross-section of a uniform cylinder 
dimensioned to have the same volume as that of the meniscus in accordance with the operation of the present 
invention; 

Fl G . 3 is a diagrammatic view of an eye showing a shape of corneal tissue associated with the condition of hyperopia 
that is to be ablated volumetrically in accordance with the present invention along with a cross-section of a uniform 
cylinder dimensioned to have the same volume as that of the volume represented by the shape; 
FIG. 4 is a diagrammatic perspective view of the treatment zone of an eye showing a shape of corneal tissue 
associated with the condition of astigmatism that is to be ablated volumetrically in accordance with the present 
invention along with a uniform rectangular prism dimensioned to have the same volume as that of the volume 
represented by the shape; 

FIG. 5 is a block diagram of the laser sculpting system in accordance with the present invention; 

FIG. 6 depicts diagrammatically an arrangement for the projection optics of the present invention; and 

FIG. 7 illustrates diagrammatically an optical arrangement of mirrors used to produce transiational shifts in a light 

beam along one axis of translation. 

Detailed Description of the Invention " * " ;t ~"'~ ! ' r '~ ! :,iCV 3 "! 

[0013] Referring now to the drawings, and more particularly to FIG,. 1 A, a diagrammatic view is shown of an eye 
designated generally by reference numeral 10. Eye 10 has a meniscus of surface material, i.e., corneal tissue, as 
indicated by hatched area 11 , that is to be eroded by a small diameter laser beam (e.g., on the order of 0.5-1.0 millim- 
eters in diameter) in accordance with the present invention. By way of example, meniscus ii represents a -shaped 
volume of corneal tissue, symmetrical about visual axis 12, that is i to be eroded to correct the condition of myopia. 
Accordingly, the thickness T(r) of meniscus 1 1 is maximum at visual axis 12, i.e.; r=0, of eye 1 0 and decreases to zero 
at the outside edge, i.e., r=r A , of meniscus 11. However, it is to be understood that the method and system of the 
present invention are applicable for other eye conditions such as hyperopia and astigmatism as will be explained further ! 
below ■ ' * ■ '' ' ':• 1 V; f " ' - ■ ' ••//; -- ; •• .•- 

[0014] As is known in the art, either direct or indirect measurements can be made to determine the radius curvature ' 
Rj of outside surface 11j of meniscus 11. (i.e., the corneal surface of eye 10 prior to laser treatment). The radius of : 
curvature R D of inside surface-llo of meniscus 11 (i.e., the corneal surface of eye 10 after laser treatment) is known 7 
based on the desired refractive correction/The radius of aperture r A of meniscus 11 (he., the treatment or optical zone) 
is defined by the doctor. Given these values, it is.possible to determine the volume of meniscus 11 as follows for any 
"radius of aperture r, 0<f<r^. ' ■ : *'"^- -v'.-*'>^- <-y- •• - 

[0015] The meniscus voiume out to a radius r is the algebraic sum of the volume of cylinder 110 of radius r and 
thickness T(r), plus the volume of spherical cap 112 of center thickness t cj) minus the volume of spherical cap 114 of 
center thickness t cD (which is included in cylinder 110). This is best seen in FIG. 1B where meniscus 11 is enlarged 
and shown in isolation. The volumes V ci and V cD of caps 112 and 114, respectively, are . ' 

and ' • / " ■ • \ 

"co=«*^Mflo-T) . : ; . ... .(2) 



and the thickness T(r) of cylinder 110 is 
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TO = ih r B,) - (h D -B D ) 



(3) 



where 



(4) 



(5) 



(6) 



and 



20 



(?) 



Substituting equations (4)-(7) into equation (3), T(r) becomes a function of r, r A> Rj and Rq. The volume V c , of cylinder 
110 is thus 



25 



V cI =k * /* T(r, r A , R } , R D ) 



(8) 



and the volume of meniscus 11 at a radius r is 



V = V 




'40 



N 45 



v cD- 



(9) 



SO 



'^f^f^^^^^^^^^ ^SI^^^ ^^^^^^^^^^ number of Jaser beam.shots 
N required to ablate meniscus 1-1 is easily calculated using the volume of meniscus .11 Further, the local shot density, 
t visual axis ,12 : where r~0 to yield thickness T(0), is easily calculated , ... . .. , . ; - * . * , { Ti } , 

[0016];; T The method of ithe present invention begins by selecting a uniform pattern such that if the N laser beam shots 
were applied with a uniform shot density over the uniform pattern, a cylinder of height T(0) v would be ablated The 
\ volume of such. a cylinder would be equal to the volume of meniscus 11 and its radius would be r D where r D <r A . This ' 
is depicted in FIG 2 ; where a cross-section of cylinder 20 of radius r D .and height T(0) is shown in comparison to 
meniscus. 11 v ■* - • » , , i - >■ . r * >^"^ 

. [0017] To. achieve the desired ablation of meniscus 11, the N laser beam shots^ffiS||^g|^!JgsffjM5^ tcfobtain 
. smooth transitions between the resulting surface ablations. Conceptually, the present invention first fixes. the local area 
density of laser beam shots at the axis of symmetry of meniscus 11 ;;i.e., visual axis 1 2, to be equal to that of the uniform 
shot density represented by cylinder 20. The shot density represented by cylinder 20 is then stretched or extended^ 
radially from visual axis 12 oyer the surlace area formed by surface 11 j out to r A while steadily decreasing the laser 
beam, shot density. The angles between each shot position in the uniform pattern of cylinder. 20 and the'actual pattern 
incident on eye 10 remain the. same In other words, the extension of shot positions occurs. only in the radial direction 
[0018] ' The thickness of meniscus ij at any radius r or. T(rj is' proportional to its local area density of jaser beam ' 
shots. The center value of T(r) at r=0 is equal to the height of cylinder 20.. As the positions of the shot pattern on cylinder" 
. 20 are extended radially, the center height or shot density remains unchanged and the local area density at other points 
must be determined The relationship between any radius r of meniscus 11 and r D is 



.. JV(u)du = r(0) 



(10) 



•55 '. 



where du is the differential volume of the meniscus as a function of r which is the integration variable. This relationship- 
may be digitized for ease of processing as follows. 
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[0019] Take a series of values r jf j = 1, 2, ... j max where r jmax = r A , ancW=(rj +1 -rj). Further, let the corresponding . 
values of r D be called r D j. Then 

X) Wr^dr^nOn^-n-no). £ rj* * (11) 
o V 

If r is extended over n equal steps, where n is selected to be as large as possible to minimize error, then dr = r A /n and 
to r| = j*dr. Then, , ? 

n * 7(0)* ? Dk = V(k+di)= V{k*r A /n) 

•'5 where k=0, 1, 2, .... n, ! V 

[0020] Sincejhe volume meniscus 11 k at any radius r can be determined using equation (9), equation ,(12) can be", 
solved for r Dk and the^radius^f cylinder 20 is extended to r^. Thus, the ratio yrp k is the desired stretch factor. Jhe 
effect .of trie "stretch* is to r decre^e r the 7 dens7ty of the laser beam shots as We radial distance from the center of the . • 
^ye increases. The gradually changing laser beam shot density, combined with a small ablation volume brought about 

20 by the use' of a small diameter laser, provides for smooth transrtion from the thick portion of meniscus .11 to the thin . v 
portion of meniscus 11. At a wavelength of 193 nanometers and a fluence of 160 mJ/cm 2 i; 'each pulse ablates the ' 
corneal surface to a depth of about fJ.25 um By distributing laser shot density in accordance with the above described . 
procedure, the resulting ablated corneal surface is very smooth. '. v 
[0021] For the eye condition known as hyperopia, the present invention determines and applies the required laser, jr . 

2$ beam shot pattern in a fashion very similar to that just described for the case of myopia. In the case. of hyperopia, the. * "„ 
surface of the eye's cornea is too flat and needs to be made steeper, i.e., the corneal radius^ 
decreased. Referring to FIG. 3, a diagrammatic view is shown of hatched shape 31 which is'representa^^ 
metrically symmetric shape about visual axis 12. The volume represented by shape 3t-must be. ablated. from, eye 10 * f} - 
(which has been shown in dotted line form in order to highlight shape 31 ) in order to correct the condition of hyperopia. .. 

30 The total volume of shape 31 and number of laser beam shots N required to ablate same is first determined.Then.a . L 
uniform shot pattern of uniform shot density is selected such that cylinder 40 (shown in cross-section) of unifprm height. ^;. r7; 
. and a radius equal to that of shape 31 would be formed if the. uniform, shot pattern, were applied to corneal tissue 
[0022] To achieve the desired ablation of shape 31, the N laser beam shots must be spatially distributed to obtain \; ^ 
'smooth transitions between the ^resulting surtace ablations. Conceptually, this is ach^^ 

35 shot density represented by cylinder 40 The local area density of laser beam shots at the axis of symmetry, i.e., visual -^v ; 'V" l - ■> 
, axis 1 2,- 'is decreased to zero while shot density is steadily increased in a fixed .angle radial fashj^oiit to the perimeter|i^i|^^ 




sal tissue.be removed whichjs'radiallyj^^^j^i:; 
* v • ^ v symmetric about the eye's visual axis However the condition known as astigmatism. is different in that it has an axis . > "r r; ; 
ol symmetry in the plane perpendicular to the eye's visual axis.' Further, the.correction tor astigmatism W 




shots N required to do so is first determined Then, a uniform shot pattern of'uniform shot density is selected such that '* i v l 

reetannular nrism RO havinn central Innnituriinal avts fi° wniilH hp neherateH hv tho M lacor hoam chnlc P o'ri a n ni i la r •• : ^>:- V V-Vii..' • V-' 
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will closely apprdHHTe that of portion 51 which is to be ablated. Note tha^^Kll of the N laser beam shots are applied. 
In particular, the laser beam shots associated with portion 51 lying outside of treatment zone 14 are truncated. 
[0025] The. present invention may be further extended to the case of irregular astigmatism which is described by a 
generalized corneal shape having no overall axis of symmetry. In this case, the overall volume to be eroded may be 
approximated by a multiplicity of locally symmetric volumes that are summed together. Each of the symmetric volumes 
is selected so that ablation thereof may be carried out in accordance with one of the above described methods. 
[0026] To implement the above described procedures, a system 5 is shown in FIG. 5 in block diagram form. System 
5 includes treatment laser 500 producing laser beam 502, projection optics 510, X-Y translation mirror optics 520 and 
beam translation controller 530. Treatment laser 500 is typically a pulsed output laser. By way of example, it will be 
assumed that treatment laser 500 is a 193 nanometer wavelength pulsed excimer laser usedin an ophthalmic PRK 
procedure performed on eye 10. However, it is to be understood that the method and system of the present invention 
will apply equally as well to workpieces other than an eye, and further to other wavelength surface treatment or surface 
eroding lasers where it is desirable to erode a shaped volume of. surface material. 

[0027] Laser beam 502 is incident upon projection optics 510. Projection optics 510 adjusts the diameter and dis- 
tance-to-focus of beam 502 depending on the requirements of the particular procedure being performed. For the illus- 
trative example of an excimer laser used in the PRK procedure, projection optics 510 includes planar concave Jens 
512, and fixed focus lenses 514 and 516 as shown in the diagrammatic arrangement of FIG. 6. Lenses 512 and 514 
act together to form an A-focal telescope that expands the diameter of beam 502. Fixed focus lens 516 focuses the 
expanded beam 502 at the workpiece, i.e., eye 10, and provides sufficient depth, indicated by arrow 518, in the plane 
of focus of lens 516. This provides flexibility in the placement of projection optics 510 relative to the surface of the 
workpiece. An alternative implementation is to eliminate lens 514 when less flexibility can be tolerated : 
[0028] After exiting projection optics 5 1 0, beam 502 impinges on X-Y translation mirror optics 520 where beam 502 
is translated or shifted independently along each of two orthogonal translation axes as governed by beam translation 
controller 530. Controller 530 is typically a processor programmed with a predetermined set of two-dimensional trans- 
lations or shifts of beam 502 depending on the particular ophthalmic procedure being performed. Thus, controller 530 
is programmed in accordance with one of the above described shot pattern distribution methods depending on the eye 
condition being treated. The programmed shifts of beam 502 are implemented by X-Y translation mirror optics 520. 
[0029] Each X and Y axis of translation is independently controlled by a translating mirror. As shown diagrammatically 
in FIG. 7, the Y-translation operation of X-Y translatbn mirror optics 520 is implemented using translating mirror 522. „ 
Translating mirror 522 is movable between the position shown and the position indicated by dotted line 526. Movement 
of translating mirror 522 is such that the angle of the output beam with respect to the input team remains constant.' 
Such movement is brought about by translating mirror motor arid control 525 driven by inputs received from beam 
translation controller 530. By way of example,' motor arid control 525 can be realized with a motor f fdm-Trilogy Systerns * 
Corporation, (e.g., model T050) and a control board from Delta Tau Systems (e.g., niodel 400-602276 PMAC). til i - 
[0030] ; With translating rriirror.522 positioned as shown; beam 502 travels the path traced 'by solid line ;528a. v With : 
translating mirror 522 positioned a brig dotted line 526; beam 5oi2.travels thepath tracedby dotted line 528b? A similar 
translating mirror (not shown) would be used for the X-translationfbperatipn. The X-trarislatiori operation is accom- 
plished in the same fashion but is orthogonal to the Y-translation" The X-translation may be implemented prior or 
subsequent to the ^translation operation v ■ ■ - " •• "'"■■< i r - 1 ^ ' ■ • 

[0031] /Although the' invention has been described relative to'a specific embodiment thereof, there specific embodi- 
ment thereof, there are numerous variations and modifications that will be readily apparent to those skilled in the art 
in the light of the above teachings. It is therefore to be understood that, within the scope of the appended claims,, the 
invention may be practiced other than as specifically described. ..*• < ; : 
[0032] What is claimed as new and desired to be. secured by Letters Patent of the United States is:'- 

Claims : -^'".'V" . : ." / - ' 

1. A system for eroding an eye's corneal tissue to correct visibri^'the system comprising: ■ y . 

a treatment laser having a pulsed laser beam producing a plurality of laser beam shots of consistent intensity 
;■ and size, each of the plurality of laser beam shots traveling ori orie beam path for eroding corneal material at 
•a first position of the eye; • 
• 'beam shifting means for shifting the one beam path onto; a different beam path for directing the laser beam 
\ shots to a second position spatially displaced from the first position in accordance with a predetermined laser 
beam shot pattern : wherein the plurality of laser beam shots is directed to the corneal tissue to be eroded; and 
control means operable with the beam shifting means and in accordance with the predetermined shot pattern, 
for eroding a volume of the corneal tissue, , the predetermined shot patternl^rri^^ 



EP1 060 710 A2 

density for providing a desired surface ablation at the first position on the eye, the control means operable for 
providing a smooth transition between the first position and the second position for each predetermined laser 
beam surface ablation of the corneal tissue, and wherein the spatially distributed shot density changes from 
the first position to the second position in accordance with the uniform shot pattern which extends over a 
surface area of the eye for removing a desired corneal shape to correct vision of the eye. 

The laser sculpting system as recited in Claim 1, wherein the volume of corneal tissue to be. eroded corrects for 
myopia, the control means operable with the beam shifting means for providing a pattern which extends radially 
in all directions from the center of the desired shape and wherein the shot density for the laser beam decreases 
for a radial distance from the visual axis of the-eye. 

The laser sculpting system as recited in Claim 1, wherein the volume of corneal tissue to be eroded corrects for 
hyperopia : the control means operable with the beam shifting means for providing a pattern which extends radially 
in all directions from the center of the desired shape and wherein the shot density for the laser beam increases 
for a radial distance from the visual axis of the eye. ,\ w .*.-.,. , r - ._ ;> : 

The laser sculpting system as recited in Claim 1, wherein the volume of corneal tissue tp.be eroded corrects for 
astigmatism, the control means operable with the beam shifting means for providing a pattern which extends the 
laser.beam along a plane.perpendicular the visual axis and in opposing directions thereof, and wherein the surface 
ablation of corneal material for each of the plurality of shots has a thickness which decreases outward from its 
center axis. ,,. r . .. 

A laser sculpting system useful in eroding corneal tissue of an eye for correcting vision of the eye, the system 
comprising; 

a treatment laser for producing a pulsed laser beam including a plurality of laser beam shots of consistent 
intensity and size, the pulsed laser beam traveling on an original beam path directed to a first position on the 
eye; 

a beam shifter for shifting the original beam path onto a different beam path for directing the pulsed laser beam 
onto a second position for corneal tissue to be eroded; and 

a controller operable with the beam shifter for providing a predetermined shot patternJravingla^ 
fb£pj^ operable for providing a 

smooth transition between the first position and the second position for each spatially distributed laser beam 
surface ablation of the corneal tissue, and wherein the shot density changes from the first position to the 
second position in accordance with the predetermined shot pattern which extends over a surface area of the 
eye for removing a desired corneal shape to correct vision of the eye. 

The laser sculpting system as recited in any preceding claim, wherein the beam shifting means are characterized 
by independently controlled translating mirror optics for. directing the laser beam from the path to selected beam 
paths. • " , ' 

A system (5) for eroding a shaped region (11 ,31) of the corneal tissue of an eye (10) in accordance with the 
treatment of myopia or hyperopia, comprising: 

a pulsed laser (500) for producing a pulsed beam (502) comprising a plurality (N) of lasefbeam shots of 
uniform intensity, each of said plurality of laser beam shots being directed on a beam path (528); 
a mechanism (520) tor shifting said beam path from an original beam path (528a) onto a different beam path 
(528b) in accordance with a predetermined shot pattern,, wherein said plurality of laser beam shots are directed 
onto said corneal tissue to be eroded; and .• ' 

a controller (530) for issuing shift control commands to said mechanism in accordance with said predetermined 
shot pattern to apply said plurality (N) of laser beam shots to said corneal tissue in a spatially distributed pattern 
. spread over an area approximately equivalent to the surface area of said shaped region (11 ,31) to be eroded; 

wherein 



said predetermined shot pattern is based on a uniform shot pattern of uniform shot density for said plurality 
(N) of laser beam shots; and 

wherein the shift mechanism (520) includes independently controlled translating mirror optics (522) for direct- 



20 



EP 1 060 710 A2 

ing the la^RTeam from the original beam path (528a) to the seM^K beam paths (528b). 



8. A system (5) as claimed In claim 5 or claim 7, wherein the desired corneal shape (11 ) for vision being corrected 
for myopia is provided by the. controller (530) issuing commands for providing a pattern which extends radially in 

5 all directions from the center of the desired shape (11) and wherein the shot density for the laser beam (502) 

decreases for a radial distance (r) from the visual axis (12) of the eye (10). 

9. A system (5) as claimed in claim 5 or claim 7, wherein the desired corneal shape (31) for vision, being corrected 
for hyperopia is provided by the controller (530) issuing commands for providing a pattern which extends radially 

io in all directions from the center of the.desired shape (31) and wherein the shot density for the laser beam (502) 

increases for a radial distance (r) from the visual axis (12) of the eye (10). ;i - 

10. A system (5) as claimed in claim 5 or claim 7, wherein the vision is being corrected for astigmatism; the controller 
(530) issuing commands for providing a pattern which extends the laser beam (502) along a plane perpendicular 

'5 the visual axis (12) and in opposing directions thereof, and wherein the surface ablation (51) of corneal material 

(11) for each of the plurality of shots has a thickness which decreases outward from its center axis (52). 

11. A system (5) as claimed in any preceding claim, further comprising projection optics (510) for increasing depth of 
focus for each of the laser beam shots. ■ - 



1 2. A system (5) as claimed in any preceding claim, wherein the pulsed laser (500) comprises a 1 93 nanometer wave- 
length excimer laser producing the laser beam shots of uniform intensity. 
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FIG. 3 
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